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HETERÜGMB0Ü3 CATAiySIS IS P0LTEM0LECD1AR ADSORPTION LAJSHS 

-USSR«« 

[FolloTTiag is the translation of an article by V. I, Gol*~ . 
danskiy, Academician K. N*' Sesenov, and I. M. Chirkov 
entitled HGeterogennyy kataliz.v polimolekulyarnykh adsor- 
bitsiormykh -Eloyakh* (English version, above) in Dokladg 
ikadesdi^uk^SSR (Reports of the Aeademv of Sciences USSR), 
Vol LTI, Ho 9» Moscow, 1946, pages 783-785.1 

All contemporary theories of heterogeneous catalysis refer to 
the phenomena, connected vith the filling or non~filling of the mono» 
Molecular adsorption layer on the surface of the catalyst with' rea- 
ctive molecules» • 

Moreover» many'vapors at suitable pressures P/P*„.K>0.(> 
(P ~ vapor pressure, Psat -■ saturation pressure of the vapor at the 
teaperature of the experiment) begin, to be adsorbed on the surface 
and form poiumoleeal&r layer?., whose thickness at P/P^at ~ 0*8-0,9 
reaches a'magnitude of the order of tens of molecular"layers, and 
at P/Fsat tending to unity, it is of the order of hundreds of mole- 
cular layers. Such a poiyaolocular adsorption film, of a thickness 
from several units to tens of raoaolayers, should be similar to a 
liquid as far as its properties are concerned. Therefore, one may 
assume that all the substances which catalyse some reaction-in the 
liquid phase shall also catalyze this reaction in the above mentioned 
polymolecular adsorption fil«„ 

Thus, if in the gaseous or vapor phase at P/Psat^°*5 -one 

should place an inert solid surface, on -Khieh there are traces of 
coitroounds catalysing a liquid phase reaction, then .haying all the 
properties of a liquid, such a surface shall display the properties 
of heterogeneous catalyst because of a higher velocity of reaction 
in the polymolecular adsorption filia, being comparable to a reaction 
in the vapor phase, Such a simplified concept of heterogeneous catal- 
ysis, as far as we know, has never been experimentally verified. 

In order to demonstrate its existence we have chosen sn ester-s 



' ification reaction (the- production of ethyl acetate from acetic    ' 
. acid and ethanol) and the hydrolysis of the ethyl acetate, which 

reactions* as is knoföi, are catalyzed in the liquid phase by acids, 
^or ex&rsple* bv   hydrochloric acäd HC1. As Ostwald and Arrhenius 
häve"iioHn.- the catalytic activity of acids it: raany liquid-phase % 
resetiors is the function of the hydrogen ion IT wr tue solvatea 
hydrogen ion, for exaraole; 0H$), and the velocity of such reactions 
is proportional to the electrical- conducthrity of the solution and 

*-«•■ 5 s dependent on the nature of thee acid-catalyst. . ■ -~ 
In previous reformation (l) we have shown that the surface 

electrical conductivity of dielectrics which may be imaged to be 
a DolTHolecnlar water film, at constant conditions, there ara pres- 
ent on the surface electrolytes vhieh often dissolve in the water fxlffl. 
"In other words, the surface electrical eondudivity has purely an 
electrolytic character. In water vapor a»d hydrochloric acid on the 
'sürfacft of ■ quartz,■'wioa, etc.« there forms a.conducting.layer whose 
electrical conductivity depends on P/Psat according to the formula 
cr - tro^"******  i where'ot is found to be of the order of 10-15 

(for example, for quartseC- 11*0)« ' ... 
Because of that, it tras natural to assume that the ions H 

shall catalyse the reaction of esterification and hydrolysis in the 
■' surface polyfioleeular adsorption layer, and we shall show the hater» 
oreneous" catalysis of a surface (for example, a glass one) in.the 
vapors of a mixture of water, hydrochloric acid, acetic acid and 
ethanol« „  ■ 

' Stich experiments were conducted by us in mixtures of eenanoi 
vapors, acetic and hydrochloric acids (esterification), water, hydro- 
chloric acid and ethyl acetate (hydrolysis), while keeping the HC1 ■ ■ . 
in the vapor rsha-se 'between. 0,6 and 18$ et total pressures of 56- 
336 m. Eg" and tecoeraturos of k5^B2.°  C. The magnitude PSat 

was .' 
determined according to the dew point for the given mixture compos- 
ition and know'temperature. The experiments were conducted in'a 
1.5 liter glass vessel. The magnitude of the glass surface^changed 
by filling" "the vessel with wide glass tubes» ±"hu.s, the ratio of 
&3.rf&ee to volume s/vrelativ@ could be Increased up to 8.8 (in empty 
vessels s/VTOi= l). Trie rate of reaction has proved to be propor- 
tional to'the class'surface. This shows that the reaction proceeds 
solely OR the surface and not in the bulk» In the preliminary stage 
(30-40$ conversion) the reaction may'be satisfactorily expressed by 
an equation of z®r® order* . 

The equilibrium in the case of equiaiolecular mixture- is found 
in the conditions of our experiments" for 92$ esterification, at the 
time When in the liquid phase for analogous conditions the equilib- 
rium is at 66$ esterification. The reaction rate is not defined by 
an absolute pressare magnitude, but by the ratio P/Psatf 

and thi$>/$$,± 
I rate dependence on the pressure is expressed as followsr^sta^e* ' . * * 



where It is found thai /? ^ 11«6, which is close to the value 
of the existing coefficient  for the surface electrical conductiv- 
ity» The reaction rate increases on addition of KC1 into tha bull?« 
If" on?? cordate s the ? verification reaction rat.© at different tern- 
peröiwesy tat for coasts sit P/F^y the obtained dependence o;, tern.;» 
peratare veil satisfies tha Ärrhehi.us equation; -where the activa- 
tion energy E ~ 15,000 ± 50G cal/mole (also the comparison velocity 
at different temperatures and equal total pressures P gives in the  _^ 

""" given case a negative tei^perature coefficient because the fall of 
p/p53* •vfith the* increase in temperature effects more strongly than 
the" f<sra>era.ture acceleration, of rate on the calculation of energy 

For the reaction in the liquid phase«, as regards an acid 
catalyst, E ~ ID,300 eal/Rcücu One may therefore claiE that a. poly- 
laoleeular heterogeneous catalytic reaction in the liquid plmse has 
an identical temperature coefficient*' ■ ■ 

All thes*" results directly confirm the announced thesis at the 
beginning on the existen.ce of a polymoleoular heterogeneous catalysis» 
The hydrogen ions being homogeneous catalysts of the reaction in tho 
liquid phase are also the reason for 'the heterogeneous catalysis of 
'the surface in reactions in the vapor phase» Ve assume that not 
only'ionic catalysts may play each a role. 'Many reactions in the 
liquid phase are catalyzed, for example, by mercury salts or sopor? 
salts with complex ion formation. One say expect the presence of a 
catalytic effect of these combinations also' In the case of the poly- 
raolecular 'heterogeneous catalysis» 

We also helie've that ths veiy mAe  application of a catalyst 
of the type cf phosphoric acid H3PO4. functions in the fashion of poly- 
molecular heterogeneous catalysis, 

■ 'Tnex ^""ivt  x-!''%~^T--\-  \ 55   fb%i  T'ihnr^'P'rky>\ A  Acid   1 ?'   3   ^SX*V   ~T?OC>  VlfitBt" 

absorbent,, i»©.» it strongly ?owsrs Pgai* Because of this, slso at 
high temperature and comparatively small absolute pressure F, the 
ratio P/Pc.s+ msj be of importance* meanwhile this quantity is regarded 
as the fuhdäKentel criterion* defining the thickness of the adsorption 
film, the surface electric conductivity, and finally the rate- of 
the polyaoleeular heterogeneous catalytic reaction« Th,;s »0 have the 
right to expaei here the formation of adsorbing water filn-s and other 
jT'Srtj^S'il'&S   SkCCt   »ßft   ;U10XCi?;Ti€i'3   Of  yTiJltiy  T'03.C'ui.C».HS   Ul   SUCH.  S.   ü0f!CÖ.fiC-i"Ä'C€.-Ci, 

polyiaol&cclar solution of phosphorous acid* Further experiments 
show how widespread -the class cf polymoleeular heterogeneous cataly- 
tic 5f©SC"C.3-Oi'lS IS* . 

One shoutchiote that the structure of the problem as presented 
hers, and. the results of the esierifleapion experminets and of hydroi- 
ysys ar© also of interest for the basic comparison of the reaction 
kinetics in the gaseous and liquid phases respectively«. 

j     Although the icnizaiio» under normal conditions is isxpossiblej 



«■Mug 

I the gaseous phase, ionic (in the liquid phase) reactions may take 
place in vapors or gases only with the aid of the- polcmolecilar 
heterogeneous catalyst, but not homogeneously. This has beerv qual- 
itatively proved in the wori-:s  of Hinshelwod (l) and Bell (3). 
Mon-ionic simple and chain rsac ';ions may take place • in the linaid 
phase as well as homogeneously in the möor phase. Thus, aomparativfi 

• studies on reaction rates in the vapor and, liquid phases may serve 
to define- the reaction type. ' ' 

—     The experimental portion of this work shall soon be oublished " 
in detail«, ■;. 
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